Using multireference variational and coupled cluster methods in conjunction with very large core-correlation-consistent basis sets, we have confirmed that the ground state of TiP is of 2 ⌺ ϩ symmetry with the first excited state A 2 ⌬ no more than 3.5 kcal/mol higher. We also report full potential energy curves, dissociation energies, bond lengths, dipole moments, and the usual spectroscopic constants.
I. INTRODUCTION
Understanding the bonding of first row transition metal (M ) containing compounds is still a challenging task. Even diatomics of the type M X, where X is any atom of the second or third row of the periodic table, seem to defy our modern quantum mechanical weaponry. Very briefly, there are three main reasons of the origin of the many problems encountered in an accurate and detailed theoretical description of such systems. ͑a͒ In general, M X are highly openshell systems, ͑b͒ the very high density of M states dictating multireference molecular wave functions, and ͑c͒ the perennial correlation problem which becomes particularly nasty in transition metal containing systems, due to the significant importance of the ''semicore'' 3s 2 3p 6 electrons of the M atom in the energetics of the M X molecules ͑see also Ref. 1͒ .
In the present paper we try to pinpoint the ground state symmetry of the titanium phosphide molecule, TiP, using multireference and coupled cluster methods and very large basis sets. It is interesting that no experimental results exist for the entire M P (M ϭSc to Cu͒ series, and only three theoretical studies: one on ScP, 2 one on TiP, 3 and a very recent density functional ͑B3LYP͒ study on the M P (M ϭSc to Cu͒ sequence. 4 This latter work was the motivation to reexamine 3 the identity of the ground TiP state, given the existence of the large correlation consistent ͑cc͒-type basis sets for the Ti atom. 5 In our previous study on TiP using multireference generalized valence bond ͑GVB͒ and/or complete active space ͑CAS͒ wave functionsϩsingleϩdouble replacements ͓GVBϩ1ϩ2, CASϩ1ϩ2ϭmultireference configuration interaction͑MRCI͔͒ and modest size basis sets (͓5s4p3d/ Ti 5s5p2d/ P ͔), we have found that TiP has a ground state of 2 ⌺ ϩ symmetry with a 2 ⌬ state located 4.9 kcal/mol higher, in both GVBϩ1ϩ2 and MRCI approximations. 3 However, the recent B3LYP/͓8s7p4d1 f / Ti 6s5p3d2 f / P ͔ calculations of Tong et al. 4 6 CFs using the internal contraction scheme ͑ic MRCI͒ as implemented in the MOLPRO2002 package.
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To estimate core-correlation effects stemming in essence from the Ti atom (3s 2 3 p 6 ), icMRCI calculations were performed including the Ti 3s 2 3 p 6 core electrons in the CI procedure ͑C-MRCI͒. The C-MRCI ͑icC-MRCI͒ expansions of 2 A 1 and 2 A 2 symmetries contain about 2ϫ10 9 (35.5 ϫ10 6 ) CFs. Our computational resources did not allow the inclusion of the 2s 2 2 p 6 core electrons of P in the configuration interaction calculations ͑but see below͒. In addition, the inclusion of the 2s 2 2 p 6 e Ϫ would undermine the quality of the multireference wave function due to the dramatic increase of the size-nonextensivity errors.
Larger MRCI calculations were also performed by including the three 4p orbitals of Ti in the CASSCF procedure, referred to as L-MRCI. These L-MRCI͑icL-MRCI͒ expansions contain about 1.8ϫ10 9 (27.3ϫ10 6 For both states, 2 ⌺ ϩ and 2 ⌬, we have constructed MRCI potential energy curves reporting total energies, bond distances, dissociation energies, usual spectroscopic parameters, and dipole moments. The latter have been obtained either as expectation values (͗͘), or using the finite-field approach ( FF ), applying electric fields of about 10 Ϫ4 a.u. along both directions of the internuclear axis and taking the average value. Fig. 1 . A glance in Table I and Fig. 1 confirms that the ground state of TiP is of 2 ⌺ ϩ symmetry in accord with our previous inference, 3 and at variance with the DFT-B3LYP results of Tong et al. 4 Let us examine now the character of the X Note that our orbital notation refers only to the nine valence electrons, i.e., we do not count the eight and six doubly occupied ''internal'' orbitals. Pictorially, and consistent with Table I it is observed that at all levels of calculation the 2 ⌺ ϩ is calculated to be the ground state. Specifically, as we move from the ͑plain͒ MRCI(ϩQ) to L-MRCI (ϩQ) to C-MRCI(ϩQ), the ⌬E( 2 ⌬← 2 ⌺ ϩ ) separation becomes 4.33͑3.6͒, 4.31͑3.5͒, and 4.00͑3.3͒ kcal/mol, respectively, practically independent of the calculational level. Similar results are obtained at the R-CCSD͑T͒, C-RCCSD͑T͒, and CC-RCCSD͑T͒ level being, 3.00, 2.56, and 2.69 kcal/mol, respectively. Hence it is rather certain that 2 ⌺ ϩ is the ground state of TiP with the first excited A 2 ⌬ state bracketed between 3.5 and 2.5 kcal/mol higher. The C-MRCIϩQ binding energy of the X 2 ⌺ ϩ (D e ) is close to 67 kcal/mol with slightly smaller values at the C-RCCSD͑T͒, CC-RCCSD͑T͒ levels, at r e ϭ2.095, 2.074, and 2.070 Å, respectively. Corresponding r e values for the A 2 ⌬ state are 2.148, 2.139, and 2.135 Å.
II. RESULTS AND DISCUSSION
Considering the complexity of the TiP system, it is fair to say that the DFT-B3LYP results are surprisingly good:
